To address the first two points, we have extended the Hugoniot data set for pyrrhotite (Feo.9S). Previous data [Ahrens, 1979] characterized the equation of state for this iron sulfide in the pressure regime below 50 GPa. However, only two closely spaced data were obtained in the pressure regime near 150 GPa, relevant to the core.
As noted by Ahrens [1979] phase of troilite. The shock wave data for pyrrhotite in the pressure regime between 30 GPa and 120 GPa are basically concordant with the static data. However, analysis of the dynamic data set yields a lower initial bulk modulus (between 101 GPa and 118 GPa) with a nonconstant pressure derivative of the bulk modulus. With an extended Hugoniot data set we now recognize another small volume change phase transition above 100 GPa for pyrrhotite. Plausibly, this represents the melting transition. Using a new metastable Hugoniot fit to the high-pressure data, previous conclusions regarding the potential sulfur content of the earth's core are strengthened by our current work.
In the analysis presented here, we assume that sulfur is the light element which reduces the density of an iron-dominated mixture in the earth's core. Certainly, scenarios for homogeneous accretion of the earth and subsequent core formation [Stevenson, 1981] as well as with equation-of-state and melting criteria lend support to this sulfur hypothesis. However, arguments based on elemental abundances in the solar system and in C1 carbonaceous chondrites remain somewhat less concordant. Ahrens [1979] noted that for a lower bound of 6.5 to 9 weight percent sulfur in the core, the depletion of sulfur in the earth relative to C1 chondrites is between 1.8 and 3.2. The range depends primarily on the choice of either an olivine or pyroxene stoichiometry for the lower mantle because elemental abundances are referenced to silicon. Using a pyrolite model for the mantle, Ringwood and Keeson [1977] [also Ringwood, 1979, p. 37] showed that a number of volatile elements, in addition to sulfur, are depleted in the earth in relation to chondrites by factors much larger than 3. They argued that substantial sulfur in the core would implausibly suggest enrichment (less depletion) of sulfur in the earth relative to such less volatile elements as Cr, Mn, Na, K, Rb, F, Cs, Zn, 
angle between pin 1 and the point of first contact, and (3) transit time through a nominal sample thickness. With eight independent time measurements and three parameters, the problem is overconstrained. The data for experiment 307 have significantly larger uncertainties. In part these errors were caused by an unusually large projectile tilt. Additionally, experiment 307 required two impedance-matching calculations for both the platinumtantalum interaction and the tantalum-pyrrhotite interaction.
EXPERIMENTAL RESULTS
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ANALYSIS OF THE DATA
For the following discussion we include, in addition to the new results, the earlier data [Ahrens, 1979] . Included are the eight experimental points previously used to constrain the high-pressure Hugoniot. The average initial density for those results of 4.603 + 0.032 Mg/m 3 is 0.15% less than that for the present experiments. This difference is negligible. We exclude experiment LGG12 since experimental uncertainties were unusually large. Also excluded (by Ahrens [1979] as well) is experiment 241 which deviated substantially from the trend established by other data.
Shock velocity-particle velocity data are plotted in Figure  3 . In the lower half of this figure another presentation of the data is shown. Since experimental uncertainties are much smaller than the total range of data, a linear trend through the lower-pressure data has been subtracted from all shock velocities. The resulting deviations from linearity are normalized by an average standard deviation for these experiments. For pyrrhotite, divisions of the data in Figure 3 are evident. The lower-pressure data deviate from a linear trend by less than 2 standard deviations' thus a linear fit may be justified. Note, however, that the systematic behavior of the lower-pressure data is consistent with a nonlinear single phase Hugoniot. Alternatively, Watt and Ahrens [1984] suggest that the mixedphase regime for Feo.9S may extend to a particle velocity of 1.9 km/s. Their preferred model, however, has an upper limit of 1.3 km/s for the mixed-phase regime.
The five highest-pressure data lie on a strikingly linear trend with a slope less than that for the lower-pressure data. A number of points lead us to the conclusion that these points represent the behavior of liquid iron sulfide. As will be shown later, the discontinuity in Figure 3 at a particle velocity near 3.5 km/s falls in a pressure-temperature regime consistent with high-pressure melting behavior. This transition is also associated with a decrease in density of approximately 1%, which is of the right order for a high-pressure melting transition. Also, the slope of the Hugoniot decreases above the discontinuity. This is the expected behavior for a slightly more compressible liquid. Furthermore, preliminary sound velocity data [Brown, 1983] indicate that pyrrhotite is melted above 150 GPa on the Hugoniot.
EQUATIONS OF STATE FOR FEo.9S
Direct interpretation of the Hugoniot data for pyrrhotite is complicated by the presence of two-phase transitions. In addition to the melting discontinuity noted in the previous section, Ahrens [1979] found a range of two-wave structure between 5 Table 3 . Results were determined by least squares fitting of the data in the pressure-volume plane for the finite strain formulation, while the metastable Hugoniots were fit in the shock velocity-particle velocity plane. Because we used experimental results of comparable •,,,,•,•nt origin, for simplicity, all data were precision but of weighted equally. An implicit assumption in the analysis is that 7, the Gruneisen parameter, is a function of volume only. We further assume that 07 is constant, where p is density. This assumption must be tested in future work.
We note that the number of parameters in these models (P0, Ko, Ko' Err .... 70) is only slightly less than the number of data.
This point alone suggests possible nonuniqueness of models. Furthermore, tradeoffs exists between parameters. The initial density can be adjusted simultaneously with the transition energy and the bulk modulus. Also, the Gruneisen parameter is not well constrained by these data. Caution must be exercised in interpretations based on the zero-pressure parameters, since they represent substantial extrapolation of the data. This is particularly a problem in the case of the high-pressure liquid phase. Note that K0 for the shock wave liquid phase fit is implausibly larger than either solid phase fit. Further, the initial density in the finite strain solid phase fit was constrained by the results of Mao et al. [1981] . We conclude that the parameters of Table 3 At low pressure, shock heating is modest. Thus parallel trends between static and shock wave data are expected, reflecting only the difference in initial density. However, the highest-pressure static data appear to be anomalously stiff. This implies either that pressures have been overestimated in the static experiments or that shock states are too dense for an applied stress. A similar situation was noted for static and dynamic data for iron [Brown and McQueen, 1982] .
In Figure 5 
MELTING OF FEo.9S
In Figure 6 we plot Hugoniot temperatures and Lindemann estimates for the melting phase boundary' dln T• = 27-2/3 dln where T•t is the melting temperature, V•t is the volume at melting, and 7 is the phonon Gruneisen parameter. A range of estimates are shown illustrating the effect of uncertain thermodynamic properties. We assume that P7 is constant for Hugoniot temperatures and Lindemann calculations. Wolf and Jeanloz [1984] noted the theoretical problems associated with application of the Lindemann criterion to polyatomic systems, and furthermore, they document low-pressure deviations between experiment and theory. However, in the absence of a better model for high-pressure melting, we make the following observations. The uncertainty in the Hugoniot temperature at 150 GPa is approximately 1000 K. Since melting occurs below this pressure, the Lindemann criterion appears to overestimate the melting curve. This is concordant with Lindemann estimates for iron [Brown and McQueen, 1982] and for tantalum [Brown and $haner, 1984] . Furthermore, assuming that the Lindemann curve provides a qualitatively correct phase boundary at high pressure, the melting point for pyrrhotite at the inner core boundary pressure of 330 GPa is approximately 5000 K. For comparison, the melting point for pure iron is 5800 + 500 K at the same pressure (J. M. Brown and R. G. McQueen, unpublished manuscript, 1984). [Ringwood, 1979] may, in addition to sulfur, be required to lower densities to those observed in the core. Thus we cannot yet uniquely determine the composition of the core with current experimental and geochemical results.
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